INVENTORS DESIGNATION SHEET 



TITLE: MEMORY MODULE AND MEMORY SYSTEM SUITABLE 
FORfflGH SPEED OPERATION 



PRIORITY: Japan - filed: 29 July 2002 - Appln. No. 220048/2002 



FIRST INVENTOR: 
SECOND INVENTOR: 
THIRD INVENTOR: 



Kayoko SHIBATA 
YojiNISHIO 
Seiji FUNABA 



SEND CORRESPONDENCE TO: 



OSTROLENK, FABER, GERB & SOFFEN, LLP 
11 80 Avenue of the Americas 
New York, New York 10036-8403 
Customer No. 2352 

Telephone No.: 212-382-0700 
Attention: Max Moskowitz, Esq. 

Registration No. 30,576 



00540966.1 



1 

ME^RY MODUI£ AND MEMORY SYSTEM 
SUITABLE FOR HIGH SPEED OPERI^TION 

This application claims priority to prior application JP 
2002-220048, the disclosure of which Is Incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION: 

This Invention relates to a memory module and a memory 
system, particularly, to a memory system having a plurality of 
memory modules connected to a memory controller In a stub 
connection . 

A related memory system comprises a plurality of memory 
modules and a memory controller for controlling the memoscy 
modules . The memory controller Is mounted on a motherboard 
together with connectors for receiving the memory modules . The 
connectors are Individually connected to the memory controller 
wlthmotherboard transmlsslonbus lines formed on the motherboard. 
Each of the memory modules is partially Inserted Into any one 
of the connectors to be controlled by the memory controller. 

In the relatedmemory system, the motherboard transmission 
bus lines are equal to the connectors In number. Accordingly, 
the memory syst^a has a disadvantage that the transmission bus 
lines have a long total length and a coznpllcated arrangement. 
Thus , this type of the memory system Is hard to be designed In 
a case where It has more connectors . 

Another relatedmemory system having a plurality of memory 
modules called RIMM (Rambus Inline Memory Module) has no 



branching be'tween the memory modules and a memory con'broller 
for controlling the memory modules . That Is , the memory modules 
are connected to one another in serial by motherboard 
transmission bus lines. Therefore, the memory system does not 
have the above-mentioned disadvantage of the complicated 
arrangement . 

However, the memory system has another disadvantage that 
the motherboard transmission bus lines have narrow bus width. 

SUMMARY OF THE INVENTION: 

It is therefore an object of this invention to provide 
a memory module capable of simplifying wiring of a motherboard 
for a memory system. 

Another object of this invention to provide a memory system 
suitable for a high speed operation. 

Other objects of this invention will become clear as the 
description proceeds . 

According to a first aspect of this invention, a memory 
module is possible to be inserted in any one of connectors formed 
on a motherboard. The memory module comprises a memory chip. 
A pin is connectable to the connector. A bus connects the memory 
chip to the pin. A terminating resistor is connected to one 
end of the bus . A stab resistor is connected between the pin 
and the other end of the bus. 

In a case where the connectors are connected to a memory 
controller in a stab connection, the stab resistor and the 
terminating resistor have stab resistance Rs and terminating 
resistance Rterm, respectively. The stab resistance Rs and the 
terminating resistance Rterm are given by: 
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Rs= (N-1) X Zeffdimm/N, and 

R term= Z effdiima 
where N represexi'ts the number of the connectors; and Zeffdimm, 
effective xznpedance of a memory chip arrangement portion 
consisting of the bus and the memory chip. 

According to a second aspect of this invention, a memory 
system includes a plurality of memory modules inserted in 
connectors formed on a motherboard. Each of the memory module 
comprises a memory chip. A pin is connected to one of the 
connectors. A bus connects the memory chip to the pin. A 
terminating resistor is connected to one end of the bus . A stab 
resistor is connected between the pin and the other end of the 
bus . 

In the memory system, the connectors are connected to a 
memory controller in a stab connection. The stab resistor and 
the terminating resistor have stab resistance Rs and terminating 
resistance Rterm, respectively. The stab resistance Rs and the 
terminating resistance Rterm are given by: 

Rs= (N-1) XZeffdimm/N, and 

R term= Z ef f dimm 
where N represents the number of the memory modules ; and Zef f dimm, 
effective impedance of a memory chip arrangement portion 
consisting of the bus and the memory chip. The mother board 
has wiring impedance Zmb represented by 

Zxiib= (2N— 1) XZeffdimm. 

BRIEF DESCRIPTION OF THE DRAWING: 

Fig. 1 is a schematic diagram of a related memory module ; 
Fig . 2 is a schematic diagram of a memory system using 
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two of the memory modules of F±g . 1 ; 

F±g. 3 ±s an ecpiivalent cxrcult diagram for describing 
a condition that signal reflection does not occur on a star 
connection ; 

Fig. 4 is an equivalent circuit diagram for describing 
application of the theory of Fig. 3 to a memory system; 

Fig. 5 is a schematic diagram of a memory module according 
to a preferred embodiment of this invention; 

Fig. 6 is a schematic diagram of a memory system including 
two of the memory modules of Fig. 5; 

Fig. 7 is a sch em atic diagram of a memory system including 
three of the memory modules of Fig. 5; 

Fig . 8 is an equivalent circuit diagram of the memory system 
of Fig. 6; 

Fig . 9 is an equivalent circuit diagram of the memory system 
of Fig. 7; 

Fig. 10 is a schematic diagram of a modification of Fig. 6; 

Fig . 11 is a schematic diagram of a modification of Fig . 7 ; 

Fig. 12 is a schematic diagram of a modification of Fig. 5; 

Fig. 13 is a schematic diagram of a memory module according 
to another embodiment of this invention; 

Fig . 14 is a schematic diagram of a memory system including 
three of the memory modules of Fig. 13; 

Fig . 15 is a schematic diagram of a memory system including 
four of the memory modules of Fig. 13; and 

Fig. 16 is an exaxnple of terminating of a module 
transmission bus line in the memory module of Figs. 5 12, or 
13. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT: 
Referring to Figs 1 and 2, description will be at first 
directed to a related memory module and a related memory system 
using the memory module for a better understanding of this 
invention . 

Fig. 1 is a schematic front view of a related memory module 
10 . The memory module 10 coxqprises amemory board 11 , aplurality 
of memory chips 12 , a module transmission bus line 13, aplurality 
of pins 14, and a terminating resistor (Rterm) 15. 

The memory board 11 is a printed circuit board . The memory 
chips 12 are mounted on the memory board 11 and arranged at regular 
intervals. The module transmission bus line 13 is formed on 
the memory board 11 to connect the memory chips 11 to specific 
one of the pins 14 in common. That is, the specific pin is 
connected to an end of the module transmission bus line 13 . The 
pins 14 is connectable to terminals of a connector mounted on 
a motherboard. The terminating resistor 15 is connected to the 
other end of the module transmission bus line 13 at one end thereof 
and supplied with a predetermined voltage level of Vterm at the 
other end thereof. 

The memory module 10 is a DIMM (Dual Inline Memory Module) 
and has a rear side with the same structure as the front side 
shown in Fig. 1. 

Fig. 2 shows a memory system including two of the memory 
modules 10 of Fig. 1. 

In Fig . 2 , the memory system comprises a memory controller 
21 mounted on a motherboard (not shown) . A plurality of 
connectors 22 are mounted on the motherboard and connected to 
the memory controller 21 with respective motherboard 
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transmission bus lines 23 formed on the motherboard. Such a 
memory system is disclosed in Japanese Unexamined Patent 
Publication No. 2002-23901. 

The structure of Fig. 2 needs the same number of the 
motherboard transmission bus lines 23 as the connectors 22 . This 
is because the connectors 22 are individually connected to the 
memory controller 21 with the motherboard transmission bus lines 
23 as mentioned above. Accordingly, the total length of the 
motherboard transmission bus lines 23 becomes large in roughly 
proportion to the number of the connectors 22. Furthermore, 
it becomes difficult to arrangement of the motherboard 
transmission bus limes 23 with increase of the total length 
thereof . Thus , it is hard to design a memory system having more 
connectors (and memory modules) . 

In another related memory system having a plurality of 
memory modules called RIMM (Rambus Inline Memory Module) , the 
memory modules are connected to each other by memory transmission 
bus lines without branching. Therefore, the memory system does 
not have the above-mentioned disadvantage . However , the memory 
syston has another disadvantage that the motherboard 
transmission bus lines have narrow bus width. 

If the memory modules as shown in Fig. 1 are connected 
to the memory controller with a common transmission bus line 
in a sttib connection, the memory system has a single arrangement 
of wiring. In addition, it is possible to widen bus width of 
the common transmission bus line . 

However , the stab connection has some or many branch points . 
Accordingly, it is easy to cause reflection of a transmission 
signal at each of the branch points on the common transmission 
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bus line. The reflected signals become considerable when a 
transmission rate of the transmission signal becomes high . Thus , 
the stub connection limits an operation speed of the memory system 
using the memory modules as shown In Fig. 1. 

Referring Fig. 3, the description will be made about a 
preventive method for preventing a reflected signal from being 
caused on a star connection to foster better understanding of 
this Invention . 

In Fig . 3 , four transmission lines each of which has wiring 
Impedance ZO are connected to one another at a branch point through 
respective stub resistors each of which has resistance Rs . When 
attention Is focused on one of the transmission liens, the 
remaining three transmission lines are regarded as branches 
diverged from the focused transmission line. That Is, the star 
connection of Fig. 3 comprises a transmission line with three 
(N=3) branches. 

A necessary and sufficient condition of no reflection at 
a point A Is given by: 

ZO = Rs (Rs+ZO) /3 (1). 
The equation (1) Is generalized as below. 

ZO = Rs+ (Rs+ZO) /N (2) 
From the equation (2) , the resistance Rs Is found as below. 

Rs= (N-1) XZO/ (N+1) (3) 
In the case of Fig. 3, the resistance Rs Is equal to ZO/2 because 
N=3. 

Thus , In the star connection of Fig . 3 , a signal transmitted 
from any direction Is not reflected at the branch point when 
the resistance Rs of the stub resistors satisfies the equation 
(3) . That Is, the transmission line having N of branches can 
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be f ormedby adopbing "the resis'bance Rs f oundby using tiie equation 
(3) . 

Addi tionally , Japanese Unexamined Patent Publication No . 
2001-84070 discloses a method for finding resistance of two stub 
resistors (N=2) in a transmission line having two branches. 
However, the method is not applicable to a case where the number 
of branches is equal to or more than three (N^3) . Furthermore, 
the method is for a liquid crystal display panel and the 
publication does not suggest that it is applicable to a memory 
system, especially a high speed memory system. The method is 
on condition that termination resistors are not connected to 
ends of the wires and that reflection occurs at the ends of the 
wires. Furthermore, the method is impossible to be ajqplied to 
the memory system because it fixes a characteristic impedance 
of one of the wires at first and then decide characteristics 
impedance of the remaining two wires and resistors. 

Now, it is assiomed that the above mentioned preventive 
method for preventing the reflected signal from occurring on 
the star connection is applied to a memory system having a 
plurality of memory modules connected to a memory controller 
in a stab connection. For exaxnple, the preventive method is 
used for an lO bus line in the memory system. 

In the application, it is undesirable that stab resistors 
are provided on a motherboard. This is because the manufacturer 
of the motherboard generally prohibits alterations of the 
motherboard. That is, if the stab resistors are formed on the 
motherboard, it is impossible to exchange them for other 
resistors . There is a variety of needs of users about the number 
of the memory modules. To meet the needs, it is necessary to 
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be able to change resistance of each stab resistor according 
to the number of the memory modules (or branches) . 

In addition, the number of elements on the motherboard 
is smaller and signal attenuation on the motherboard is 
suppressed when the stab resistors are not formed on the 
motherboard . 

Therefore, it is necessary to suppress the signal 
reflection in the memory system without providing the stab 
resistors on the motherboard . This is achievedby the samemethod 
as that of suppressing the signal reflection on a star connection 
illustrated in Fig. 4. That is, a condition that there is no 
signal reflection at both points A and B of Fig. 4 should be 
found. 

In Fig. 4, Zmb, Zdimm and Rs represent characteristic 
ixnpedance of the motherboard, wiring impedance of each memory 
module and resistance of each stab resistor, respectively. A 
necessary and sufficient condition of no signal reflection at 
the point A is given by: 

Zmb= (Rs+ZddLmm) /N (4) 
where N represents the nuniber of branches. On the other hand, 
a necessary and sufficient condition of no signal reflection 
at the point B is given by: 

Zdimm=Rs+ {ZmbX (Rs+ Zdimm)} 

/ {(Rs+Zsimm) +ZmbX (N-1)} (5) . 

When the equation (4) is substituted in the equation (5) , 
the characteristic impedance Zmb is eliminated as below. 

Rs= (N-1) XZdimm/N (6) 
Fur thermore , when the equation (6) is substituted in the equation 
(4) , the resistance Rs is eliminated as below. 
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Zxnb= (2N-1) XZd±iim/N2 (7) 

As unders'bood from above men'bloned equa'bions (6) and (7), 
the resistance Rs and the characteristic iarpedance Zmb can be 
decided on the basis of the wiring impedance Zdimm and the number 
of the memory modules . By the use of the resistance Rs and the 
characteristic impedance Zmb decided as mentioned above, 
bi-directional transmission can be carried out between the 
motherboard and each memory module , which are connected to one 
another as illustrated in Fig. 4 , without the signal reflection . 

The star connection meeting the equations (6) and (7) is 
applicable to a unidirectional bus as a conomand address bus in 
the memory system. However, it is unnecessary to meet the 
equation (5) in such a case. That is, the equation (4) should 
be merely satisfied for the unidirectional bus. 

Referring to Figs . 5 to 7 , the description will proceed 
to a memory module according to a preferred embodiment of this 
invention and to memory systems using the memory modules . 

In Fig. 5, the monory module 50 coinprises a memory board 
51 , nine memory chips 52 , a module transmission bus line 53 , 
a plurality of pins 54 , a terxoinating resistor (Rterm) 55 , and 
a stab resistor (Rs) 56. 

The memory board 51 is a printed circuit board . The memory 
chips 52 are mounted on the memory board 51 at regular intervals 
and commonly connected to the module transmission bus line 53 
between both ends thereof. The pins 54 are formed at one edge 
of the memory board 51 to be inserted into and held by a slot 
of a connector (see Fig. 6) formed on a motherboard (not shown) . 
When the pins 54 are inserted into the slot of the connector, 
they are electrically connected to terminals of the connector. 
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The 'bexmina'bing resister 55 is connecbed to one end of the module 
transmission bus line 53 at its end and supplied with a 
predetermined terminating voltage level Vterm at its other end. 
The stab resistor 56 is connected between the other end of the 
module transmission bus line 53 aoid one of the pins 54 . 

Fig. 6 shows one of the memory systems comprising two of 
the memory modules 50 of Fig. 5 while Fig. 7 shows the other 
one of memory systems comprising three of the memory modules 
50 of Fig. 5. 

In Fig. 6, the memory system 60 comprises a motherboard 
(not shown) , a memory controller 61 , two connectors 62 and a 
motherboard transmission bus line 63. The memory controller 
61 and the connectors 62 are mounted on the motherboard. The 
connectors 62 are used for receiving the memory modules 50 . The 
motherboard transmission bus line 63 is formed on the motherboard 
to connect the connectors 62 with the memory controller 61 in 
a stab connection. The motherboard transmission bus line 63 
has two branch points BPl and BP2 connected to the connectors 
62. 

Similarly, the memory system 70 of Fig. 7 comprises a 
motherboard (not shown) , amemory controller 71 , three connectors 
72 , and a motherboard transmission bus line 73 . The memory 
controller 71 and the connectors 72 are mounted on the motherboard 
while the motherboard transmission bus line 73 is formed on the 
motherboard to connect the connectors 72 with the memory 
controller 71 in a stab connection. The motherboard 
transmission bus line 73 has three branch points BPl, BP2 and 
BP3 connected to the connectors 72 . 

In each of the memory systems 60 and 70, the module 
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i:ransmission bus lines 53 and the motherboard transmission bus 
line 63 or 73 is used for an lO bus line (or a bi-directional 
bus) . Each of the maaory chips 51 conqprises a driver and a 
receiver connected to the lO bus line. Each of the memory 
controllers 61 and 71 similarly comprises a driver and a receiver 
connected to the lO bas line. In Fig. 6, two sets of the driver 
and the receiver are designated by small triangles in the memory 
controller 61 and one of the memory chips 52. Similarly, Fig. 
7 shows other two sets of the driver and the receiver with small 
triangles . 

The memory module 50 has a memory chip arrangement portion 
which consist of the memory chips 52 and the module transmission 
bus line 53 . The memory chip arrangement portion has effective 
inpedance Zef f dimm (correspondingto theZdimmof Fig. 4) . Here, 
it is assumed that the module transmission bus line 53 has wiring 

iznpedance of ZO (= VTTc ) [Q] , an interval between adjacent two 
memory chips 52 is represented by X [m] , and input capacitance 
is representedby Cin [F] . Then the effective iinpedance Zef f dimm 
of the memory chip arrangement portion is given by: 

Zef fdimm= ^Ll{C + CinlX) . 
For instance, the effective impedance Zef f dimm is approximately 
equal to 39.3 [Q] when Z0=60[Q] (L=3 . 6X10"^ [H/m] , C=1.0X 
10-10 [F/m] ) ^ X=12X10-3[m] , and Cin=l . 6X10"12 [p] . Moreover, 
the effective inqpedance Zef f dimm is approximately equal to 43.3 

[Q] whenZ0 = 60[Q] (L=3 . 6X10-7 [H/m] , C=l .OXIO'IO [p/m] ) , X=13 
X10"3[m], and Cin=l. 2X10-12 [F] , 

The terminating resistor 55 in the memory module 50 has 
resistance Rterm which is decided to be equivalent to the 
effective inpedance Zef f dimm. 
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The stab resistor 56 has the resistance Rs given by the 
same equation as the equation (6) . That is the resistance Rs 
of the resistor 56 is given by: 

Rs= {(N-1) /N} XZeffdimm. 
For instance, the resistance Rs is as follows when N=2 and 
Zef f dixDin=39 . 3 [ Q ] . 

Rs= {(N-1) /N} XZeffdimm 
= (1/2) X39-3 
= 19.7[Q] 

In this case, the wiring impedance Zmb of the motherboard is 
given by the same equation as the equation (7) . That is, the 
wiring inpedance Zmb is given by: 
Zmb= (2N-1) Zeffdimm/N2 

= 3X39.3/4 

=29.5[Q] - 

Fig . 8 shows a schematic diagram of the memory system having 
the characteristic impedance Zeffdimm, the resistance Rs and 
the wiring ispedance Zmb which are decided as mentioned above . 

With regard to the memory system of Fig. 7 , the resistance 
Rs of the stab resistor 56 and the wiring ixnpedance Zmb of the 
motherboard are similarly found - For instance , Rs=28 . 9 [ Q ] and 
Zmb=24.1[Q] when N=3 and Zef f dimm=43 . 3 [ Q ] . These are 
illustrated in Fig. 9. 

The memory systems shown in Figs . 6 and 7 can stably operate 
faster than an existing memory system called DDR-I (operating 
frequency: 133 MHz) or DDR-II (operating frequency: 266 MHz) . 
For example, the memory systems operate over 300 MHz of the 
operating freqpiency. This is because no signal reflection 
occurs at all of the branch points and end portions. 
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Fur tiiermore , each of memory sys "terns of F±gs. 6 and 7 does 
no-b need a stab resistor on the motherboard. Accordingly, the 
motherboard has a small number of element:s and broad spaces for 
wiring. In addiction, there is no attenuation of "transmission 
signal on the motherboards in the memory systems of Figs 6 and 
7. Additionally, "the structure of the memory systems of Figs. 
6 and 7 allows a multi slot system to be formed without large 
increase of wires on the motherboard. 

Though Uie description is made about applying this 
invention to the bi-directional bus as the lO bus of the memory 
system, this invention is applicable to an unidirectional bus 
as a command address bus of the memory system as illustrated 
in Fig. 10 or 11 . In such a case, the wiring impedance Zmb of 
the motherboard, the stab resistance Rs and the effective 
impedance Zef fdimm can be found by the use of the equations (6) 
and (7) . However, they may be found by the use of the equation 
(4) . 

For instance, it is assumed that Zef fdimm=39 . 3 [ Q ] and 
Zmbs30[Q] for the memory system of Fig. 10. From the equation 
(4) , the stab resistance Rs is given by: 

R s = N X Zmb- Z ef fdimm 
-2X30-39.3 
=20.7[Q] . 

On the other hand, it is assumed that Zef f dimm=43 . 3 [ Q ] 
and Zmb=30[Q] for the memory system of Fig. 11. The stab 
resistance Rs is given by: 

Rs=3X30-43.3 
=46.7tQ] . 



15 



Though the terminating resistor 55 is formed at the outside 
of the memory chips 52 on the memory board 51 , the terminating 
resistor 55A may be formed in the one of memory chips 32A as 
illustrated in Fig. 12. This is known as technique called "On 
Die Termination" . 

Next^ referring to Figs. 13 to 15, the description will 
be made about a memory module according to another embodiment 
of this invention and about memory systems using the memory 
modules . 

In Fig . 13 , the memory module 130 cc»aprises a memory board 
131 , nine memory chips 132 , module lO bas lines 133 , terminating 
resistors 134, stab resistors 135, and pins 136. 

The memory board 131 is aprinted circuit board. Thememory 
chips 132 are mounted on thememory board 131 at regular intervals . 
The module lO bas lines 133 are formed on the memory board 131 
to be connected to the memory chips 132, respectively. The 
terminating resistors 134 are formed in the memory chips 132 
and connected to ends of the memory bas lines 133 , respectively . 
The stab resistors 135 are formed on the m^nory board to be 
connected to other ends of the module lO bas lines 133, 
respectively. The pins 135 are formed at edge on the memory 
board 131 . Each of the stab resistors 135 is also connected 
to corresponding one of the pins 135 . 

Fig. 14 shows the memory system using three of the memory 
modules 130 of Fig. 13 while Fig. 15 shows the memory system 
using four of the memory modules 130 of Fig. 13. 

In fig. 14, the memory system comprises a motherboard (not 
shown) , a memory controller 141, three connectors 142 and nine 
motherboard XO bus lines 143. 
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The memory coniiroller 141 is formed on the motherboard. 
The connectors 142 are mounted on the motherboard to receive 
the memory modules of Fig. 13. The motherboard lO bus lines 
143 are formed on the motherboard to be connected to the connectors 
142 . The motherboard lO bus lines 143 are corresponding to the 
memory chips 133 of each memory module 130 respectively. Each 
of the motherboard XObus lines 143 connects corresponding memory 
chips on the memory modules 130 with one another. That is, 
according to this embodiment, not memory modules but memory chips 
are connected to one another in a stab connection. 

In this embodiment, bi-directional transmission can be 
carried out without signal reflection between the memory 
controller and each memory chip if resistance of the terminating 
resistors 134 and the stab resistors 135 are found by the use 
of the equations (6) and (7) . However, the effective impedance 
Zef fdimm depends on the memory chip 134 and the module lO bus 
line 132 connected to the memory chip 134. 

The memory system of Fig. 15 is similar to that of Fig. 
14 except for the number of the memory modules 130. That is, 
the memory system conrprises a memory controller 151, four 
connectors 152 and nine motherboard lO bus lines 153. 

Because the memory systems of Figs 14 and 15 differ in 
the number of the memory modules 130, they also differ in the 
stab resistance Rs. 

The memory systems shown in Figs. 14 and 15 can stably 
operate faster than the existing memory system like the memeory 
systems of Figs. 6 and 7. Furthermore, it is necessary to form 
a stab resistor on each motherboard of the memory systems of 
Figs. 14 and 15. 



17 



In each of the above mentioned eznbodiments , the terminating 
resistors are connected to the predetermined voltage level Vterm . 
The predetermined voltage level may be obtained by dividing power 
supply voltage VDD as shown in Fig. 16. 

Miile this invention has thus far been described in 
conjunction with the few embodiments thereof, it will readily 
be possible for those skilled in the art to put this invention 
into practice in various other manners . For exainple , the number 
of the connectors on the motherboard may be more than four. 



